Background Esophageal food impaction (EFI) can be the initial presentation of eosinophilic esophagitis (EoE). EoE is characterized by persistent esophageal eosinophilia (EE). Both EFI and EE are related to a variety of conditions. To date, the relationship between EFI, EE, and EoE remains unclear. Aims To review our institutional experience with EFIs and combine our knowledge with the existing literature to conduct a systematic review and meta-analysis for delineating the relationship between EFI, EE, and EoE. Methods We reviewed medical records of 72 children with EFI presenting to our emergency center between 2007 and 2013. PubMed, EMBASE, and Scopus databases were screened from inception until July 2014 to identify studies linking EFI and EoE. Included studies were methodically assessed for the quality and strength of association between EFI and EoE. Results Our institutional experience highlighted the possibility of proton-pump inhibitor therapy-responsive EE (PPI-REE) as an underrecognized risk factor for EFI. A systematic review of 14 studies, including ours, revealed that most studies did not eliminate other causes of EFI or EE. The meta-analysis revealed that esophageal biopsies were obtained from 54 % (40-68) of individuals presenting with EFI, and the overall EoE-attributable EFI among those who were biopsied was 54 % (43-65). Substantial heterogeneity was noted among the studies. Discussion PPI-REE is an underestimated risk factor for EFI. The quality of existing evidence linking EFI and EoE is limited by several important factors. Future studies with robust design are warranted to delineate the relationship between EFI, EE, and EoE.
Introduction
Esophageal food impaction (EFI) is a gastrointestinal emergency known to affect all ages worldwide. EFI patients presenting to an acute care center require urgent evaluation and often endoscopic intervention to remove the impacted food. The endoscopic disimpaction can be performed by any of several subspecialists (e.g., gastroenterologists, surgeons, or otolaryngologists) and is unique to each institution [1] .
Intrinsic factors such as anatomical malformations (e.g., esophageal diverticulum, rings, and webs), dysmotility (e.g., achalasia), and mucosal inflammation as a result of exposure to gastric refluxate as observed in gastroesophageal reflux disease are known risk factors for EFI. There is an increasing awareness that EFI and symptoms suggestive of esophageal dysfunction can be the initial presentation of eosinophilic esophagitis (EoE) [2, 3] . EoE is an increasingly prevalent, allergen/immune-mediated, clinicopathological condition affecting the esophagus. Similar to EFI, EoE has been reported in all age groups worldwide. Histopathologic examination of the esophageal tissue biopsies obtained from EoE patients reveals an eosinophil-predominant inflammation [C15 eosinophils per high-power field (eos/hpf)] which persists after adequately excluding other causes of esophageal eosinophilia (EE) such as gastroesophageal reflux [4] [5] [6] [7] . Several recent studies have described patients with protonpump inhibitor (PPI)-responsive esophageal eosinophilia (PPI-REE) [8, 9] . Typically PPI-REE patients account for about 35-50 % of patients who initially present with clinical and histopathologic features consistent with EoE, but the EE completely resolves in response to high-dose PPI therapy for 2 months. The results from a recently published transcriptome analysis suggest that PPI-REE represents a continuum of the same pathogenic allergic mechanisms that underlie EoE [10] . Yet, to date, the relationship between EFI, EE, and EoE remains poorly defined.
In order to examine the relationship between EFI, EE, and EoE, we performed a systematic review and metaanalysis of the existing publications. Because of the limited data available, we also reviewed our experience with EFI and its association with EE and EoE, and combined our data with the existing literature. For compiling the bibliographic search for the systematic review and meta-analysis, we formulated our research question using PICO acronym [11] , wherein P (participants) represented subjects presenting to the emergency care setting with symptoms and/ or signs consistent with EFI; I (intervention) was an endoscopic procedure with or without biopsies to relieve food impaction and assess potential causes of EFI, respectively; C (comparison or reference standard) using guidelines for diagnosis of EoE or as defined by the authors of each study; and O (outcome) as the diagnosis of EoE.
Methods Retrospective Review of Our Data
We identified patients presenting with symptoms suggestive of EFI (e.g., dysphagia, chest pain, foreign body sensation, choking, or drooling) to the Texas Children's Hospital Emergency Center between January 2007 and December 2013. To optimize the sensitivity of our case finding strategy, cases of EFI were identified by screening our electronic medical record and endoscopy records (The Clinical Outcomes Research Initiative database) using the International Classification of Diseases (ICD)-9th Revision, Clinical Modification code (935.1) and current procedural terminology codes (CPT) (43215, 43247, 31511). The ICD-9 and CPT codes were constant over the study time frame, and there were no changes to the billing practice.
The electronic medical records then were reviewed by F.H. to identify cases of EFI. A random review of the dataset was completed by G.H. to assess the variability in data acquisition. The study was approved by the Baylor College of Medicine Institutional Review Board.
The medical records of patients presenting with EFI resulting from non-food materials (e.g., coins) were not considered. On confirmation of EFI, pertinent demographic, clinical, endoscopic, and histologic features were recorded in predefined data collection forms. To understand the clinical course and unique characteristics of EFI patients, they were grouped as: (1) EFI not requiring endoscopic removal-defined as children who were able to either cough or vomit the food bolus or in whom the food bolus spontaneously traversed into the stomach with relief of symptoms; (2) one-time EFI requiring endoscopic removal; and (3) recurrent EFI-defined as C2 EFIs over the study duration. To understand the practice patterns in our institution, we used the treating physicians' diagnosis of EoE which was formulated by the presence of a suggestive clinical presentation, pertinent endoscopic findings, and histologic examination of esophageal tissue demonstrating C15 eos/hpf.
Systematic Review and Meta-Analysis

Literature Search
PubMed, EMBASE, and Scopus databases were searched from inception to September 2014 for articles in English containing one or more of the following keywords or phrases: ''esophageal impaction,'' ''food bolus impaction,'' ''EE,'' and ''EoE.'' The reference lists of the retrieved articles were reviewed for identification of additional articles. Relevant authors were contacted to acquire missing or additional information as necessary.
Study Selection
Studies providing the number of patients presenting with EFI requiring endoscopic removal, undergoing esophageal biopsies at the time of endoscopic removal or during follow-up, and diagnosed with EoE, as defined by each author, were included.
Small case series, individual case reports, and abstracts reporting EFI cases diagnosed with EoE were disqualified due to limited statistical validity. Furthermore, publications providing food impaction rates and not providing esophageal biopsy and/or EoE rates, describing number of EoE patients presenting with EFI, reporting non-food material esophageal impactions (e.g., coins), and comparing therapeutic interventions to remove and/or disimpact the impacted food material were excluded.
Data Abstraction
Two authors (G.H., A.P.) evaluated articles for eligibility and quality, and abstracted the data independently according to the meta-analysis of observational studies in epidemiology guidelines [12] . A standard data extraction form was designed to collect relevant information from the studies which met our inclusion criteria. To ensure the quality of evidence linking EFI and EoE, each study was assessed for the measures taken to eliminate other causes of EFI and EE, the findings on esophageal biopsies, and the diagnostic criteria used by the authors to diagnose EoE. Any disagreement between authors in data abstraction was resolved by discussion and review of the publication(s).
Statistical Methods
Descriptive statistics were used to summarize the findings of our retrospective study. Wilcoxon rank-sum test was used to compare continuous variables, and Fisher's exact test was used to compare categorical variables.
For meta-analysis of proportions, the biopsy rates in patients presenting with EFI and undergoing endoscopic removal and the proportion of biopsied patients who were diagnosed with EoE were calculated and the confidence intervals were based on exact binomial procedures. The results are presented as proportions [effect size (ES)] with corresponding 95 % confidence intervals (CI).
Both the fixed-and random effects models were calculated. The fixed effects model assumes that all included studies come from a common population and the point estimate is not significantly different between the studies. This assumption is tested by the ''heterogeneity test'' or the I 2 statistic. The percentage of observed total variation across studies due to real heterogeneity rather than chance is calculated as: 100 % 9 (Q -df)/Q, where Q is Cochran's heterogeneity statistic and df, the degrees of freedom. Negative values of I 2 were considered to be equal to zero so that I 2 was between 0 and 100 %. A value of 0 % was considered to indicate no observed heterogeneity, and larger values represented increasing heterogeneity. If this test yields a P value B0.05, then the random effects model is considered appropriate. If the P value for a heterogeneity test is [0.05, then the fixed effects model is considered suitable [13] . Presence of a publication bias was examined by inspecting for asymmetry of the funnel plots (plotting the proportion against the standard error of the proportion), and the statistical significance was assessed by the Begg's method and the Egger's test separately for studies included in analysis of the biopsy rates in EFI as well studies included in EoE-attributable EFI [14, 15] .
In our two-step analysis plan, in order to understand the reported relationship between EFI and EoE, we initially performed overall and subgroup analyses [Age (Adults vs. Pediatrics), Location [United States of America (USA) vs. non-USA], and Specialty [GI alone vs. Non-GI ((non-GI) or (GI ? non-GI)) performing food bolus disimpaction] using the authors' definitions. Subsequently, in an attempt to place the results in the context of current guidelines for diagnosis of EoE, we compared the data from studies that met the current diagnostic criteria for EoE to those not meeting the current diagnostic criteria [16] .
All statistical analyses were performed on Stata version 10.2 (StataCorp LP, College Station, TX). The statistical significance was determined at P B 0.05 using two-tailed tests.
Results
Retrospective Study Figure 1 and Table 1, and Supplementary Table 1 , summarize the results from our retrospective study. A total of 985 children presented with esophageal impaction during the 7-year study period. Of those, 72 (7 %) [n (%)] children had EFI. These 72 children had a total of 95 EFI events. Sixteen (22 %) children had recurrent EFIs with a total of 39 (42 %) events.
Our cohort consisted predominantly of Caucasian (69 %) males (73 %), with a median (range) age of 11 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) years. A history of esophageal malformation with corrective surgery (e.g., tracheoesophageal fistula, esophageal atresia) was the most common predisposing factor, particularly among children presenting with recurrent EFIs. Prematurity, asthma, and food allergies were other commonly associated comorbidities.
The majority of children presented with a combination of symptoms, with the sensation of food being stuck (54 %) and vomiting (41 %) being two of the most common, especially in children with recurrent EFIs. The sensation of food being stuck and pain during swallowing were commonly reported both by children with EFI not requiring endoscopic removal (39 and 35 %, respectively) and those with EFI requiring endoscopic removal (36 and 21 %, respectively). Drooling, chest pain, and choking were other common presenting symptoms.
While 23 (32 %) children either coughed or vomited the food bolus or were able to pass the food bolus into the stomach and did not require any endoscopic intervention, the remaining 46 (68 %) children required endoscopic intervention. At our institution, the gastroenterology, surgery, or otolaryngology service, per a predetermined schedule, are consulted by the emergency center to manage EFI patients. Endoscopic removal was most commonly performed by the gastroenterologists (61 %) using a flexible endoscope. The surgery (18 %) and otolaryngology (21 %) services frequently used rigid endoscope to remove EFIs. Meat was the most common cause of EFI, and other materials included bone fragment(s), vegetables (e.g., corn, potato), fruits (e.g., grape, apple), and nuts (e.g., peanut). Midesophagus followed by the proximal esophagus was the common site of impaction. In most of the cases, the esophagus endoscopically looked normal or mildly erythematous. Other notable endoscopic features were furrowing, rings, white exudates, and mucosal tears. Narrowing of the esophageal lumen at the anastomotic site was reported in 44 % of children with recurrent EFIs. No complications related to endoscopy were reported. Esophageal biopsies were obtained from 24 (73 %) children with EFI requiring endoscopic removal with a median (range) of five biopsies. A significantly higher proportion of gastroenterologists obtained esophageal biopsies compared to surgeons or otolaryngologists (85 vs. 29 vs. 17 %, respectively; P B 0.05).
The histologic examination revealed that 13 (54 %) children had C15 eos/hpf. Nine (38 %) children had between 5 and 15 eos/hpf, and 2 (8 %) children had a histologically normal esophagus. Based on their clinical presentation and intraepithelial eosinophil count, 8 (62 %) children were diagnosed with EoE and initiated on acid-blocker therapy and/or swallowed steroids by their treating physicians. Only 2 (25 %) children, both placed on acid-blocker therapy after initial EGD, received a follow-up endoscopy with biopsies at 6 and 12 weeks, respectively. The histologic examination in both cases (100 %) revealed complete resolution of EE, suggesting that they had PPI-REE.
Systematic Review
Details of the search strategy and the characteristics of studies included in the systematic review are shown in Fig. 2 Scopus database searches led to retrieval of 540 publications. After screening of the titles and abstracts, 486 of these were excluded for being duplicates and/or being irrelevant to our study, and 54 (11 %) publications were evaluated by retrieving the full text. Thirteen (23 %) of these publications met our inclusion criteria and were systematically reviewed. Eleven (85 %) out of 13 publications were retrospective studies, and 2 (15 %) were prospective studies. The publications included data ranging from 1988 to 2010.
Endoscopic Findings Related to EFI
Meat was the most commonly reported impacted food substance, and this did not differ by age, disimpaction by subspecialty, or geographic origin of the study. Mucosal abnormalities, especially EoE-pertinent endoscopic features such as furrowing, trachealization, and white exudates, were described by the majority of studies. In some studies, the decision to obtain an esophageal biopsy was taken in response to visible mucosal abnormalities. The majority of the publications (85 %) described measures taken to exclude anatomical and/or neuromuscular causes of EFI. Esophageal strictures either as a result of a previous surgical intervention (e.g., esophageal atresia or tracheoesophageal fistula repair) or secondary to peptic injury were the most common anatomical conditions associated with EFI in children and adults, respectively. Other commonly associated anatomical conditions were esophageal web, Schatzki's ring, previous esophageal resection, previous antireflux surgery, narrowing as a result of EoE, esophageal ulcer, or an esophageal stent. Esophageal neoplastic conditions such as esophageal carcinoma and Barrett's esophagus were commonly associated with EFI, particularly in adults.
Four out of 13 studies (31 %) (1 pediatric study and 3 adult studies) reported an association between EFI and swallowing and/or esophageal neuromuscular disorders such as achalasia, neuromuscular disorder of swallowing, or nonspecific esophageal motility disorders.
EFI and Esophageal Eosinophilia
Five (38 %) studies described measures taken to identify other causes of EE. One of these five studies was a prospective study, and non-EoE causes of EE were not included in this study. The remaining four were retrospective, and 3 out of these 4 studies presented data between 2000 and 2011 and were published in or after 2011. Only 1 study clearly described their process of eliminating other causes of EE.
EFI and Esophageal Biopsies
Eight (62 %) out of 13 studies described characteristics of esophageal sampling. While 7 of these 8 provided the location(s) from where the esophageal biopsies were obtained, only three studies provided the number of biopsies obtained during EFI removal. Only three studies provided both number and location of esophageal biopsies obtained during the EFI removal.
Criteria Used to Diagnose EoE
Only 3 of 13 (23 %) studies met most of the current criteria used to diagnose EoE, and the remaining 10 studies did not 
Meta-Analysis
The summary data of each study and the results of overall and subgroup analyses are presented in Tables 3 and 4, and Figs. 3 and 4, and Supplementary Figures 1-8 . We were not able to include the Lao et al. [17] study in our meta-analysis as they reported no EoE-attributable EFI. Sperry et al. [18] presented separate data for adult and pediatric age groups; hence, they were treated as two independently analyzable units. For the study by Mahesh et al., we combined the separate data ranges (i.e., 1996-2010) as our intent was not to examine the change in prevalence of EFI attributable to EoE.
Overall Analysis
The overall analysis included 14 analyzable reports, including 1070 cases of EFI and 223 cases of EoE-attributable EFI. The overall pooled biopsy rate in patients presenting with EFI was 54 % (40-68) [proportion (95 % CI)], and the EoE-attributable EFI rate among those who were biopsied at EFI removal was 54 % (43-65). Adherence to Current EoE Diagnostic Criteria Although the biopsy rates among studies not meeting the EoE diagnostic criteria were significantly higher compared to studies meeting the diagnostic criteria [60 % (44-76), (n = 631) vs. 39 % (16-64), (n = 439); P B 0.05, respectively], the EoE rates between these two groups were comparable [56 % (40-72), (n = 162) vs. 51 % (42-61), respectively (n = 61)]. The heterogeneity among studies that adhered to the current diagnostic guidelines and analyzed for EoE-attributable EFI requiring endoscopic removal was not significant (I 2 = 0 %; P = 0.64). The calculated EoE-attributable EFI by random effects model and the fixed effects model were identical, and the results from the fixed effects model are presented above.
Publication Bias
On visual inspection, the funnel plots designed for studies included in analysis of biopsy rates in EFI ( Supplementary  Figure 9a and 9b ) and studies included in EFI attributable to EoE appeared slightly asymmetric ( Supplementary  Figure 10a and 10b) , suggesting possibility of a publication bias. However, these observations did not attain statistical significance, indicating that there was no statistically significant publication bias [(biopsy rates in EFI: Begg's test: Adjusted Kendall's score (P-Q) = 6; P = 0.76 (continuity 
Discussion
We reviewed our institutional experience of EFI and combined it with the existing literature to attempt to elucidate the relationship between EFI, EE, and EoE. To our knowledge, this is the first study to perform a comprehensive review of the existing evidence linking EFI and EoE, and to perform a meta-analysis to determine what proportion of EFI may be attributable to EoE. We focused on elucidating the relationship between EFI and not on esophageal impactions per se (which would also include non-food material) since the presence of non-food items in the esophagus may be a consequence of a volitional action. In order to add to the current literature and our systematic review/meta-analysis, we reviewed the medical records of 72 children with EFI presenting to our (73) 13 (54) a Mean ± SD, unless specified results from fixed effect model institution. These cases represented 7 % of esophageal impactions over a period of 7 years. The presentations were consistent with the demographic, clinical, and endoscopic features described in a previous study of pediatric patients [19] . The majority of children were Caucasian, male, with meat impaction, and they described the sensation of food being stuck or pain while swallowing. Importantly, gross endoscopic evaluation revealed a normal looking or only mildly irritated esophageal mucosa in approximately 30 % children. As in our study, anatomical abnormalities as a result of esophageal malformations and related surgical complications have been reported previously [18] , and in our experience, about 1 in 3-5 EFIs requiring endoscopic removal and recurrent EFIs were attributable to anatomical malformations and their related complications.
Most of the EFIs requiring endoscopic removal in our center were performed by the gastroenterologists. The biopsy rates were significantly higher in EFI requiring endoscopic removal performed by gastroenterologists when compared to the EFI requiring endoscopic removal performed by the other two services. Similar experience has been described in previous reports, and this possibly is attributable to a combination of factors including increased awareness among gastroenterologists toward mucosal causes of EFIs and variability in practice wherein the surgeons or the ENT specialists do not routinely biopsy.
Our systematic review revealed that the quality of the existing evidence linking EFI and EoE is limited by several important factors. The data offered in most of the studies, including our own, were gathered via a retrospective study design which has several inherent limitations. There was lack of standardization in the manner in which the information (e.g., endoscopic features, the number and location of biopsies obtained, and measures taken to eliminate other causes of EE, eos/hpf required for diagnosis, etc.) was defined and analyzed. When compared to the criteria delineated in the updated guidelines for diagnosis of EoE, large numbers of studies excluded anatomical and/or neuromuscular causes for EFI, but a relatively small number of studies clearly described measures taken to eliminate other causes of EE which is essential in discriminating EoE from PPI-REE.
Using conservative estimates (lower bounds of 95 % CI) from our overall analyses, about 1 in 3 cases with EFI were biopsied at the time of the endoscopic intervention, and about half of those biopsied had EoE. These observations concur with findings from two prospective studies included in this review [20, 21] . Long-standing EoE can result in a progression from an inflammatory to a fibrostenotic phenotype and contribute to EFI, especially in adults [22, 23] . However, our meta-analysis revealed that the EoE-attributable EFI rates were comparable between both adults and children, suggesting that perhaps EoE-or EE-related acute mucosal changes also play an important role in EFI in addition to esophageal remodeling resulting from long-standing EoE. It was interesting to note that, despite lower biopsy rates among studies reported from the USA, significantly higher rates of EoE-attributable EFIs were observed. This may likely be a result of a combination of better identification of appropriate cases for biopsy and/or a higher prevalence of EoE in the USA compared to the other reporting countries. While significantly higher biopsy rates were noted among gastroenterologists, we did not find high EoE rates compared to other subspecialists. This probably is as a result of the ''others'' group combining data from multiple subspecialists including gastroenterologists. Finally, despite several recent studies meeting the criteria for establishing a diagnosis of EoE having significantly lower biopsy rates compared to the studies which did not meet current criteria establishing a diagnosis of EoE, EoE-attributable EFI was identical in both these groups and also was comparable to the overall EoE-attributable EFI rates.
EoE is a relatively new clinical entity, and our understanding of this condition has improved significantly, especially in the past decade. As a result, the conceptual definition and diagnostic guidelines have evolved. For example, it is recognized now that other causes of EE need to be excludedin particular, PPI-REE [24, 16, 25] . There is growing evidence that long-standing eosinophil-induced inflammation can lead to dysmotility and/or narrowing of the esophagus via edema and/or deposition of subepithelial fibrotic tissue, which eventually causes narrowing of the esophageal lumen. Whereas it is highly plausible that EoE is likely a major risk factor for EFI, the results from our in-depth analysis suggest that the quality of the existing evidence linking EFI and EoE is limited by lack of clarity on several key factors which play a central role in establishing a diagnosis of EoE.
Our own study and systematic review/meta-analysis underscore the need to create awareness among physicians caring for patients with EFI to obtain adequate numbers of biopsies from multiple levels in the esophagus irrespective of the gross endoscopic findings [26] . In addition, recent reports have highlighted that diagnosis of EoE in patients with known anatomical (such as tracheoesophageal fistula after surgical repair) and/or neuromuscular conditions (such as achalasia) is often missed or delayed, resulting in delayed institution of specific therapy [27] [28] [29] . Therefore, it is important to consider esophageal biopsies in all patients presenting with EFI. The benefits of performing routine mucosal biopsies during EFI removal must be balanced against the risk of complications (such as perforation). While the risk of perforation is known to be minimal with the flexible endoscope, an increased risk of perforation with the rigid endoscope, especially in the distal esophagus, has been reported [30] .
This systematic review and meta-analysis has several strengths. It is the first study to methodically evaluate the existing literature linking EoE and EFI through July 2014. We performed an exhaustive literature search, sought to obtain additional data from authors, rigorously assessed studies in accordance with current guidelines for conducting a systematic review and meta-analysis, and used robust statistical methods to quantitatively synthesize the abstracted data. However, our study also has limitations.
The most prominent ones being the significant degree of heterogeneity between the included studies likely as a result of methodological differences as noted above. Mirroring this, we also noted significant statistical heterogeneity (except in more recent studies) among the studies in our meta-analyses. A number of studies were retrospective, with their inherent limitations. It is possible that we might have introduced selection bias by excluding a small number of statistically invalid studies and/or by limiting our search to reports published in English only which could have resulted in us missing relevant studies published in other languages.
In summary, our systematic review reveals that the quality of evidence linking EoE and EFI is limited by lack of clarity on several key factors crucial to ascertain the diagnosis of EoE. Hence, the exact relationship between EFI and EE or EoE remains undefined. There appears to be a need for greater awareness among physicians (particularly non-gastroenterologists) caring for patients with EFI of the need for esophageal biopsies during endoscopic removal of EFI. Data from prospective studies designed to strictly adhere to the EoE diagnosis guidelines would allow us to better understand the optimal EFI biopsy strategies and the precise relationship between EFI, EE, and EoE.
